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Abstract: Despite remaining the most important type of animal production, pig production in Po-
land and Hungary declined after their accession to the European Union (EU) in 2004. This paper
investigated the evolution of the technical efficiency of the pork industry in both countries. We ap-
plied stochastic frontier analysis, which takes into account heterogeneity in the production environ-
ment and production functions in both countries—true random effects, and a metafrontier model.
We employed farm-level data from the Farm Accountancy Data Network sample during the period
2004-2015. Results illustrate the differences in production function in both countries and technolog-
ical decline throughout the period of analysis. Furthermore, farms in Hungary were more techno-
logically developed as well as less efficient in relation to the country frontier; however, the higher
technological level resulted in generally greater efficiency in relation to the metafrontier. Our results
suggest that different policy measures would be effective in the countries under analysis.
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Heterogeneity in Pig Farming: A . . . . . .
genetyin 18 & Traditionally, pig production and processing are important elements of agricultural

production in Poland and Hungary. In both countries, all meat products awarded Pro-
tected Geographical Indication or Protected Designation of Origin are made of pork. Ac-
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situation is the closest match to that of Poland. On the other hand, after EU accession in
2004, the pig production industry in both countries significantly decreased. We can ob-
serve a decline in the number of specialized farms, number of animals bred, and in the
trade balance; and all this under conditions of relatively stable prices and increasing de-
mand in the long term (see Section 2 for details).

The aim of this paper was to evaluate this situation using stochastic frontier analysis
(SFA). In particular, we assess whether the decline in the industry can be associated with
production efficiency, technological change, or the general level of technological develop-
ment. In the assessment, individual, farm-level data from the Farm Accountancy Data
Network (FADN) were used for pig-production-specialized farms in Poland and Hungary
during period 2004-2015.

Additionally, the scale of negative changes was different in both countries, which is
the basis for the hypothesis of farm heterogeneity in Poland and Hungary. There are two
common sources of farm heterogeneity that need to be accounted for in performance anal-
ysis [6]. The first is the diversity of production conditions among sample farms. Although
in the case of livestock production, some factors (such as soil type, latitude, altitude, pre-
cipitation) are less important, differences may remain in market organization, infrastruc-
ture, distance from the service center, etc. Unfortunately, data for measuring these condi-
tions are rarely available, but unobserved heterogeneity can be distinguished from farm
inefficiency using an appropriate SFA approach [7,8]. The second source of heterogeneity
results from differences in the technology that is used and is called technological hetero-
geneity. In pig production, this may arise from varying degrees of mechanization, or
simply from the breeding of different breeds of pigs. Alem [9] argues that there are several
econometric techniques for dealing with this problem, including cluster algorithms, ran-
dom parameter, latent class, and metafrontier approaches. In the empirical analysis, we
employed the latter approach.

This paper contributes to knowledge about agricultural production performance.
Empirical studies on technical efficiency in the pork industry are still limited, especially
in terms of cross-country comparison. To the best of our knowledge, there has been no
comparative analysis of the pig industries in Poland and Hungary. This paper is orga-
nized as follows. In Section 2, we present a short description of pig production in Poland
and Hungary. Section 3 describes the empirical database and the methodology. In Section
4, we present the results, compare them with previous findings, and based on this formu-
late recommendations for agricultural policy in both countries. Section 5 concludes.

2. The Specificity and Dynamics of Pig Production in Poland and Hungary

Although the pork industry has traditionally been important in Hungary and Poland,
we can observe some differences in the countries’ pig production farms. The pork industry
has declined in size in both countries, but negative changes have been more severe in
Poland (Table 1). These differences in dynamics deserve deeper investigation.

Table 1. Changes in pork-producing farms and their environment in Poland and Hungary after
2004.

Feature Hungary Poland
Pig production value 2004/2019 2 -19% +5.4%
No. of specialized farms 2005/2016 ® -56.8% -81.1%
No. of animals 2005/2016 ¢ -12.5% -17%
Average no. of animals per holding 2005/2016 ¢ +103.2% +340.1%
Real price change 2005/2019 ¢ +2.3% +8.5%
Nominal value of trade balance 2004/2019 f EUR 55/-27 mIn EUR 111141111—1089

Food supply 2004/2018 & +15.7% +21%
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Source: Eurostat [2,10-12] data: 2—values at constant prices (2010 = 100) [aact_eaa07]; »<¢—LSU in
specialist pigs [ef_Isk_gpig]; e—price indices of agricultural products, real index, pigs
[apri_piO5_outa] [apri_pilO_outa] [apri_pil5_outa]; {—live animal + meat [DS-645593]; FAO [1]
data: 8—food supply (kg/capita/yr).

The first issue to consider is structural change. The process of concentration was more
intense in Poland, where from 2005 to 2016, the average number of animals per holding
increased more than four-fold (in Hungary, the number doubled). For both countries, the
disappearance of the smallest farms was rather the result of the more rapid decrease in
the number of farms than a decrease in number of animals. Csonka and Fert6 [13] ana-
lyzed structural change in pork production in Hungary. They identified an intensification
and concentration process that is most visible in the disappearance of small and medium-
sized farms. In comparison to other CEE countries, Hungary may be described as having
a “dual pig industry,” with a large share of both small- and large-scale farms. According
to Kovacs [14], this situation is a consequence of agrarian reforms undertaken after 1989
when the land of well-developed, large-scale agricultural holdings was partitioned and
distributed to individual farmers. However, some farmers continued to cooperate or de-
cided to establish legal entities, permitting the survival of some larger-scale holdings. In
Poland, medium-scale farms predominate. This may also be connected to the communist
period, when family farms in this country remained relatively intact [15].

Potori, Chmielinski, and Krawat-Wozniak [16] presented a comprehensive compar-
ative analysis of Polish and Hungarian agriculture. They found a more dualistic nature of
agriculture in Hungary, i.e., the coexistence of large, commercial farms alongside small-
scale subsistence farms. In Poland, the authors identified a stronger positive impact of EU
support on agricultural development. They also stated that Polish farmers were better
prepared for EU accession and competition on the common market, allowing Poland to
become a net exporter of food products with higher value added. However, this statement
is not proven by the data presented in Table 1. When it comes to the pork trade, the bal-
ance was generally maintained in the case of Hungary, while Poland became a net im-
porter —mainly due to the weak international competitiveness of Polish pork farms,
which resulted in the substitution of domestic production with imports [17]. This phe-
nomenon is particularly significant in relation to piglet supply [18]. Among other reasons
for the decline in pork production in Poland, we can mention the trade embargo imposed
by Russia, and the spread of African swine fewer (ASF). A particularly sharp decline in
the number of pregnant sows and piglets can be explained by the fact that keeping sows
and rearing piglets requires much more knowledge than the process of fattening does.
Adapting pigsties to piglet production is a difficult and expensive task, thus many small
farms are not interested or able to undertake such specialization [19].

Hungary faced similar problems after EU accession. Because of the common EU mar-
ket, the proportion of cheap imported pigs increased, depressing domestic prices and in-
creasing production-related losses. Strict environmental and animal welfare requirements
also represented a big burden for farmers in terms of cost structure. The price boom of
2008 also negatively affected the Hungarian pig industry because most farmers had no
cropland for growing feed. Finally, those farms which had arable land for feed growing
could count on a secure income from the latter due to the single area payment scheme and
a secure cereal market; the risky market situation and cost of investment required to main-
tain competitiveness resulted in many pig-keeping farms ceasing production. After the
worst year in 2013, the situation partly started to improve thanks to the National Pig Strat-
egy that was accepted by the government in 2012, in addition to value added tax reduc-
tions [20].

Some of the tendencies identified here may be associated with consumers’ dietary
changes and generally the demand side. Overall trends in meat consumption in Poland
were described by Trajer and Mieczkowski [21], who identified relatively stable pork con-
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sumption with a temporary decrease around 2013, and the substitution of beef consump-
tion with poultry. The latter authors described this trend as a result of the high level of
price competitiveness, dietary properties, and changes in diets in favor of lower calorie,
low-fat options. According to FAO data (Table 1), trends in meat consumption in Hungary
were the opposite with regard to poultry, which significantly declined in favor of pork.

In summary, the results of earlier comparative analyses are inconclusive. In terms of
labor, efficiency was higher in Hungary, while efficiency was higher for land in Poland
[16]. Similarly, some research indicates the higher efficiency of the agricultural industry
in Hungary [22,23], but other work in Poland [24,25] have explained this to some extent
by the different time periods that were analyzed and differences in methodology. How-
ever, none of this research was specifically concentrated on pig production. To obtain
more comparable results, we applied technical efficiency analysis. The goal of this re-
search was to examine how changes in industry dynamics are associated with differences
in the technical efficiency of farms and technological gaps using the metafrontier ap-
proach.

3. Materials and Methods

We used Farm Accountancy Data Network (FADN) data for individual farms spe-
cialized in pig production (defined as more than two-thirds of standard output coming
from the latter activity). An important feature of FADN data is their representativeness.
This covers “commercial” farms, specified for Poland and Hungary as farms having more
than EUR 4000 of standard output. For Poland and Hungary during the period 2004-2015,
the sample size was 13,588 and 756, respectively. The average number of observations per
year was thus 1132 for Poland and 63 for Hungary. However, the FADN database uses
rotational sampling, which makes the panel unbalanced. More detailed information about
the sample characteristics is presented in Table 2. The value of the total output, deprecia-
tion, and total specific cost were deflated to constant 2010 prices using nominal price in-
dices from Eurostat (aact_eaa05) and FADN annual currency exchange rates.

Table 2. Descriptive statistics for the research sample.

Poland, n = 13,588

Variable Mean Std. Dev. Minimum Maximum
Output (SE131) 97,641.4 646,647 2,588.51 55,119,300
Labor (SE010) 2.14 9.85 0.22 819.17
Depreciation (SE360) 8,025.58 25,483.10 0 2,092,120
Specific costs (SE281) 55,269.40 164,489 987.42 982,461
Number of pigs (SE100) 92.31 528.40 3.08 44,129
Hungary, n =756
Variable Mean Std. Dev. Minimum Maximum
Output (SE131) 547,677 1,995,960 800.76 32,126,800
Labor (SE010) 7.97 22.05 0.10 305.43
Depreciation (SE360) 29,718.80 126,786 0 2,273,090
Specific costs (SE281) 352,216 1,320,030 204.08 22,647,500
Number of pigs (SE100) 523.69 1,521.86 3.72 21,793

Source: FADN: SE131—total output in 2010 EUR; SE010—total labor input in annual work unit
(full-time person equivalent); SE360—depreciation in 2010 EUR; SE281 —total specific cost in 2010
EUR (feed and other specific costs); SE1I00—number of pigs.

The data show that farms are, on average, larger in Hungary, but more differentiated
in Poland. The average pork-specialized farm in Hungary is more than five times as big
in terms of output and number of pigs as in Poland, and almost four times as big in terms
of employment. Similarly, the depreciation and total specific costs were almost four (six)
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times as high, respectively. When it comes to sample diversity, this is much higher in Po-
land in terms of output, labor input, and number of pigs, and slightly lower in the case of
depreciation and total specific costs. This may be due to the generally larger sample.

The data were used to assess differences in the efficiency of pig production farms in
Poland and Hungary. We followed the most commonly used [9] two-step strategy of met-
afrontier assessment proposed by O’Donnell et al. [26]. In line with this approach, the
analysis was divided into two steps. First, efficiency was calculated using stochastic fron-
tier analysis (SFA). In the second step, a linear programming method was used to identify
the metafrontier. Although we identified a few studies that were methodically similar to
ours, it is possible to distinguish a clear research gap. The analysis of farms specialized in
pig production is scarce, particularly in the context of European agriculture. Some studies
in this field that applied a metafrontier approach refer to China. In particular, Zhang et al.
[27] analyzed pork production. One piece of work exists that refers to pork production in
EU member states [28], but this application used the metafrontier approach to examine
total factor productivity, not efficiency. Therefore, to the best of our knowledge, pork-
specialized farms in Poland and Hungary have not yet been the subject of a comparative
efficiency analysis corrected for technological heterogeneity with the metafrontier
method. Dakpo et al. [29] compared total factor productivity changes among different
types of farming in France, but without a focus on pork. Cechura et al. [30] compared 24
EU countries but only concentrated on dairy farms. Latruffe, Fogarasi and Desjeux [31]
compared Hungary and France, but only analyzed farms specialized in dairy and cereal,
oilseed and protein crops. Beyond this research, some works referred to pork production
only in Hungary [32] or Poland [33], but neither of these covered the research topic ad-
dressed herein.

In our approach, a general stochastic production frontier model can be defined as

Yie = f (e, B)eCie™Hie) D

where y;; is the output produced by farm i at time t =1, 2, ..., T; x;; is a vector of factor
inputs;i=1, 2, ..., N denotes N farms at time ¢; v;; is the error term; and u;; represents
the technical efficiency of farm i. Furthermore, v;; and u; are assumed to be independ-
ent and identically distributed (iid) with variances o7 and o7, respectively. Another com-
mon assumption is that all farms operate with the same working environments (a com-
mon technology assumption). However, both our literature review and descriptive statis-
tics suggest that pig farms use different technologies in Poland and Hungary.

To address the issue of technological heterogeneity, we estimated separate produc-
tion functions. Furthermore, it is possible to account for within-country heterogeneity be-
tween farms by applying the “true” random effects (TREs) model proposed by Greene
[7,8]. TRE models assume a time-invariant, firm-specific random term (6i), which is sup-
posed to capture cross-firm heterogeneity and distinguish it from time-varying ineffi-
ciency (u;). In its most general form, the model can be written as

yit = (a+ O1i) + B'xit + vit £ it (2)

In the context of technological heterogeneity in k countries where yk is the output
for farm i during the tth period for the kth region, x% denotes the input vector for farm i
at time t in region k; v represents the error; u¥ denotes the inefficiency of farm i at time
tinregion k; and B* is a vector of unknown parameters to be estimated for the kth region.
Thus, we can rewrite Equation (1) as

s = £ (e, ) @

We modeled technology assuming a Cobb-Douglas function. Furthermore, we as-
sumed a normal-half normal distribution of error and inefficiency terms and to account
for the technological change, including a time trend (t) in the deterministic component of
the model. The final form of the model is thus:
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InSE131it= a + f1InSE010it + B2InSE360i + f3InSE281it + f4InSE100it + fs ¢ + Oi
+ Vit £ Uit

4)

where SE131 was the total output in 2010 EUR; SE010 was the total labor input in annual
work units (full-time person equivalent); SE360 was the depreciation in 2010 EUR; SE281
was the total specific cost in 2010 EUR (feed and other specific costs); SE100 was the num-
ber of pigs. The model was estimated using the maximum simulated likelihood method
in NLOGIT. For a robustness check and to assess whether the separation of time-invariant
cross-farm heterogeneity was justified, we also calculated a Battese and Coelli [34] type
model. Results are presented in the Appendix.

The technical efficiency (TEE) of the ith farm at the region—k frontier can be computed
from the equation:

k
TEE = v/ (f(xk, *)e () et ®)
In the second step, following O’'Donnell et al. [26], a metafrontier function that envel-
ops the estimated group frontiers can be obtained by solving the following optimization
problem:

ming Xli=1 X1 [In f(xai, X2it, ..., xnig B) — In flxz, x2it, ..., XNig; ﬁk)]
s.t. In flxzit, x2t, ..., xNit; B) = In f(xaie, X2, ..., XNit; [?k) 6)
foralliand t;

where fk is the estimated coefficient vector associated with the group-k stochastic fron-
tier. Since these estimated coefficient vectors are fixed and the function f{.) is log-linear in
the parameters (as assumed in the empirical application in this paper), the LP problem
becomes:

ming X'p
s.t. Xuf > X'uf3* for alliand t;

@)

where X is the arithmetic average of the xi-vectors over all farms during all periods.

After solving the LP problem defined by Equation (7), estimates of metatechnology
ratios and technical efficiencies with respect to the metafrontier can be obtained using the
following decomposition:

k k K
yi= e Yic x eX'ith JeX1ith x X'ith+vit (8)

The first term on the right-hand side is the technical efficiency (TE) of the ith firm
during the tth period with respect to the country-k frontier. The second term on the right-
hand side is the metatechnology ratio (MTR) for the ith firm during the tth period (in the
kth country). The constraints in the LP problem defined by Equation (7) guarantee that
metatechnology ratios estimated in this manner will lie in the unit interval. Finally, the
technical efficiency of the ith firm during the tth period with respect to the metafrontier
is:

TEye = yiu/e™iP*i ©)

Thus, the technical efficiency relative to the metafrontier is defined in an analogous
way to Equation (5): it is the ratio of the observed output relative to the frontier output,
adjusted for the corresponding random error. In practice, it is convenient to predict tech-
nical efficiency with respect to the metafrontier using the decomposition:

TE; = TEX x MTRE (10)

where TEE and MTRY are the predictors discussed in connection with Equations (5) and
(8). The calculation of the metafrontier was performed in R using codes provided for
SHAZAM by O’'Donnell et al. [26].
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4. Results and Discussion

Table 3 shows our estimations for both countries. The estimated time trend variable
(t) can be interpreted as the average annual rate of technical change [35]. In the case of
Poland and Hungary, this parameter is negative and significant, implying a technological
decline in pig production in both countries. This is a potential explanation for the general
decline in the pork industry. Alternatively, it might capture environmental changes, es-
pecially regulations related to animal welfare.

Table 3. Parameter estimates for the Cobb—Douglas function and the “true” random effects model.

Poland RTS =1.0286 AIC=-8715.9

Variable Coeff. Std. Err. t-Ratio  p-Value LowerCIL UpperCIL
a 3.615 0.018 200.573 0.000 3.580 3.651
t -0.005 0.000 -12.462 0.000 -0.005 -0.004
Labor (SE010) 0.118 0.003 35.960 0.000 0.112 0.125
Depreciation (SE360) 0.022 0.000 48.433 0.000 0.022 0.023
Specific costs (SE281) 0.562 0.002 238.989 0.000 0.557 0.567
Number of pigs (SE100) 0.326 0.002 132.784 0.000 0.321 0.331
0 0.112 0.001 85.063 0.000 0.109 0.114
Ou 0.184 0.001 131.515 0.000 0.181 0.187
A 0.904 0.003 30.473 0.000 0.846 0.962

Hungary RTS =1.0214 AIC=115.1

Variable Coeff. Std. Err. t-ratio p-Value LowerCIL UpperCIL
a 5.256 0.092 57.026 0.000 5.075 5.437
t -0.025 0.002 -10.388 0.000 -0.029 -0.020
Labor (SE010) 0.185 0.013 14.595 0.000 0.159 0.209
Depreciation (SE360) 0.007 0.002 2.895 0.004 0.002 0.011
Specific costs (SE281) 0.386 0.011 36.521 0.000 0.365 0.407
Number of pigs (SE100) 0.444 0.012 37.706 0.000 0.421 0.467
0 0.204 0.008 26.777 0.000 0.189 0.218
Ou 0.328 0.007 44.973 0.000 0.314 0.342
A 2.133 0.153 13.944 0.000 1.833 2.432

Legend: RTS—returns to scale; AIC— Akaike information criterion; a—constant, t—time trend; SE010—total labor input
in annual work units (full-time person equivalent); SE360 —depreciation in 2010 EUR; SE281 —total specific cost in 2010
EUR (feed and other specific costs); SE100 —number of pigs; 0 —mean of time invariant, farm-specific heterogeneity; ou—
standard deviation of the inefficiency; A—relationship of the inefficiency standard deviation to the error term standard

deviation.

Production elasticities can be assessed by an analysis of the production function co-
efficients. Interestingly, the relative importance of different production factors varies be-
tween Poland and Hungary, which is another justification for the metafrontier approach.
In Poland, specific costs have a greater influence on pig production compared to other
outputs. The second most important input is the number of animals. In Hungary, the or-
der of priority for these inputs was the opposite, and the difference in elasticity was
smaller. We can also observe the greater relative importance of labor in Hungary, but in
general, the elasticity of production was low for this factor in both countries. The least
important factor, which, however, is still highly significant, is fixed capital depreciation.
These findings are valuable in relation to making interventions in the pig production in-
dustry.

The sum of the elasticities can be interpreted as a returns-to-scale parameter, which
informs about the proportionality of changes in output after the amounts of all inputs in
production are changed by the same factor. This value is similar for both countries, and
higher than 1, which would imply increasing returns to scale. This means that an increase
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in inputs would cause a higher than proportional increase in output. This result is a pre-
requisite for further expansion in farm production scale. This is not surprising, knowing
that the average farm size is larger in other EU countries specialized in pig production
(e.g., Denmark, Belgium, Spain, and Germany). Furthermore, increasing returns to scale
are common in pig production [28].

Other parameters inform us about the proper model specification. A significant value
of O suggests that taking into account time-invariant, farm-specific heterogeneity was jus-
tified. Another reason for using a “true” random effects model is comparing AIC values
between the discussed models, and calculating a robustness check for Battese and Coelli
[34] type models (see Appendix A). In both cases, AIC was lower for the TRE (-8715.9 and
115.1) than the BC models (-8452.7 and 136.5), which is a sign of the better fit of the model.
Significant values for ouindicate that there was inefficiency among farms for pig produc-
tion in both countries. Its relative importance in comparison to stochastic noise is repre-
sented by A; note that it was much higher in the case of Hungary. In Poland, it was below
1, indicating that most of the variability in output unexplained by the model was due to
random error rather than inefficiency.

More conclusions about the efficiency of production can be drawn from the results
presented in Table 4. Differences between the parameters were checked using the Mann-
Whitney test.

Table 4. Technical efficiency, metafrontier, and metatechnology ratio.

Poland
Variable Mean Std. Dev. Min Max
TE¥ 0.908 0.030 0.420 0.985
TE 0.463 0.097 0.185 0.930
MTR 0.509 0.103 0.262 0.999
Hungary
Variable Mean Std. Dev. Min Max
TEk 0.804 0.097 0.221 0.973
TE 0.476 0.127 0.079 0.973
MTR 0.589 0.130 0.300 1.000
Mann-Whitney Test p-values
TE* TE MTR
0.000 0.005 0.000

Legend: TE k _technical efficiency to the country frontier; TE —technical efficiency to the meta-
frontier; MTR —metatechnology ratio.

Regarding the technical efficiency of pig production, in comparison to the countries’
own frontiers (TE¥), higher mean values are achieved in Poland. The difference is approx-
imately 10.5%. The average technical efficiency score of 0.908 in Poland indicates that pig
production output was at approximately 91% of its potential given the regional technol-
ogy. In comparison with previously obtained results, our efficiency scores are only
slightly lower than those presented in a study by Cechura et al. [28] (Poland 0.925, Hun-
gary 0.825)—the latter of which conducted research on a similar sample using the SFA
method, assuming a translog production function. However, the scores are higher than
the estimates obtained by Latruffe et al. [32] (Hungary 0.423-0.553) and Syp and Osuch
[33] (Poland 0.747), though the methods and research sample in these pieces of work dif-
fered more from our approach.

However, increasing the comparability of technical efficiency results is possible by
comparing farm results with those for the metafrontier (TE). These values are much lower
for both countries. Furthermore, from this perspective, farms in Hungary were more effi-
cient than those in Poland. Despite the seemingly small difference (1.3 p.p.), according to
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the Mann—Whitney test, the result is statistically significant, and suggests even more dif-
ferentiated values for the metatechnology ratio. In general, a lower (higher) MTR value
implies a larger (smaller) technology gap between the individual frontier and the meta-
frontier. An MTR score of 1 indicates that a farmer applies the best technology available
in the region (i.e,, an MTR score equal to 1 is equivalent to the point at which the individ-
ual regional frontier coincides with the metafrontier). Our results indicate that, on aver-
age, pig production farms in Hungary during the period 2004-2015 were more technolog-
ically developed (i.e., higher MTR) but also less efficient in relation to the country frontier
(lower TE¥); however, greater technological development resulted in generally higher ef-
ficiency in relation to the metafrontier (higher TE).

Regarding these results, the dual structure of the pig production industry in Hungary
was again visible [13]: a small share of large, well technologically developed and efficient
farms has “pushed” the production frontier forward, leaving behind most other farms
and resulting in lower values for mean technical efficiency. The former farms are also
more efficient than the top Polish farms, as is visible in the higher values for the max TE
in Hungary. On the other hand, the minimum values of this parameter are much lower in
Hungary than in Poland, proving the greater range of efficiency of Hungarian pork-pro-
ducing farms. This can also be observed in the shape of kernel density plots for all three

parameters presented in Figure 1. The kurtosis of efficiency distribution is much higher
for Poland.
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Figure 1. Kernel density plots for efficiency parameters.
Although the polarization of efficiency is more severe in Hungary, the generally low
level of technological readiness must be perceived as a serious problem in both countries.
The average metatechnology ratio of 0.51 and 0.59 is higher than reported for grain pro-
duction in Norway (0.59-0.82) [9]; milk production in Norway (0.96-0.98) [36]; crop and
milk production in Hungary and France (0.76-0.98) [31]; organic farming in Alpine re-
gions (0.65-0.75) [37]; citrus farming in Spain (0.88-0.96) [38]; and olive farming in Spain
(0.89-0.98) [39]. This leads to the conclusion that both countries should devote more re-
sources to disseminating good practices and modern methods of pig breeding.

5. Conclusions
The goal of this paper was to measure the performance and technological gap asso-
ciated with pig production in two central European countries —Hungary and Poland. We

took into account the unobserved heterogeneity and technological differences by using a
“true” random effects model [7,8] and a metafrontier model [26]. We found that both

countries underwent technological decline during the period analyzed. Furthermore, the
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estimated production functions are different for both countries in terms of production
elasticity. In Poland, the most important production factor was feed and other specific
costs, while in Hungary it was the number of animals. Our estimations suggest the pres-
ence of increasing returns to scale in both countries, which is a prerequisite for further
concentration in the industry. Estimated average country-level efficiency for Poland (0.91)
was statistically higher than in Hungary (0.8). However, the results suggest that pig-pro-
ducing farms in both countries suboptimally use technology, given the countries’ overall
technological status. This study also showed that the metatechnology ratio was higher for
Hungary (0.59) than for Poland (0.51), meaning that farmers in Poland were further from
the metafrontier than those operating in Hungary. This helps explain the more severe de-
cline in the pig production industry in the former country. In addition, the analysis of
kernel density plots of efficiency parameters revealed that farms in Hungary were more
dispersed.

Consequently, interventions aimed at improving the performance of the pig produc-
tion industry in Poland and Hungary need to address the problem of the low level of
technological development of farms, but with different means, taking into account the
heterogeneity identified in this study. First, the general decline which affected the pig
production industry in Poland and Hungary after their accession to the EU in 2004 can be
explained to some extent by the negative technical change observed during the period of
analysis. This might be a consequence of regulations related to animal production—e.g.,
different animal welfare measures, while the technology used on some farms might be
outdated. However, further research is needed to investigate the factors that potentially
explain this decline. An important policy implication of this result is that further invest-
ment is needed to improve the related technology in both countries to improve the com-
petitiveness of the industry and maintain a high level of animal welfare standards. Sec-
ond, the average technical efficiency estimates compared to the country frontier are low
in Hungary and high in Poland, suggesting that different policy measures could be effec-
tive in each country: for example, there is room to increase productivity through technical
efficiency improvements (e.g., through extension programs) for Hungary; however, this
approach would be less effective in Poland.

In identifying the limitations of the research approach, which at the same time indi-
cate directions for future research, three main improvements are suggested. First, if ap-
propriate data are available, it would be interesting to adjust estimations of pig produc-
tion efficiency in accordance with the related environmental footprints. This can be done
by applying a bad outputs framework. Second, a dynamic analysis and the application of
total factor productivity indices could shed new light on changes in the industry during
the period under analysis. Finally, research robustness could be improved by relaxing as-
sumptions about the functional forms of production function and inefficiency distribu-
tion. To achieve this, nonparametric or semiparametric estimation methods could be used.
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Appendix A

Table A1l. Parameter estimates for the Cobb-Douglas function as well as the Battese and Coelli
(1992) model.

Poland RTS =1.0337 AIC =-8452.7

Variable Coeff. Std. Err.  t-Ratio p-Value LowerCIL UpperCIL
a 3.642800  0.018600  196.304  0.00000 3.606430 3.679170

t -0.003670  0.000581 -6.31596 0.00000  -0.004810 -0.002530
InSE010  0.120650  0.003750  32.1885  0.00000 0.113304 0.127997
InSE360  0.023140  0.000428  54.0397 0.00000 0.022300 0.024000
InSE281 0.561640  0.002210  253.767  0.00000 0.557297 0.565972
InSE100  0.328260  0.002260  145.348  0.00000 0.323831 0.332684
A 1.146270  0.013000  87.9688  0.00000 1.120730 1.171810
Ou 0.181780  0.000249  729.393  0.00000 0.181290 0.182267

M -0.010610  0.003630 -2.92469 0.00345  -0.017700 -0.003500

Hungary RTS =1.0168 AIC=136.5

Variable Coeff. Std. Err. t-ratio p-Value LowerCIL UpperCIL
a 5.021210  0.137232  36.5892 0.000000  4.752240 5.290180

t -0.013200  0.005150  —2.55489 0.010600  —0.023200 -0.003060
InSE010  0.161100  0.019800  8.12041 0.000000  0.122217 0.199984
InSE360  0.009000  0.003670  2.45084 0.014300  0.001800 0.016200
InSE281 0.405014  0.017300  23.4775 0.000000  0.371202 0.438826
InSE100 0441637  0.017400  25.3168 0.000000  0.407446 0.475827
A 1.690500  0.026600  63.6236 0.000000  1.638420 1.742580
Ou 0.379900  0.003940  96.3961 0.000000  0.372176 0.387624

n -0.067000  0.013400  —4.98634 0.000001  -0.093400 -0.040700

Legend: RTS—returns to scale; AIC— Akaike information criterion; t—time trend; SE010—total
labor input in annual work unit (full-time person equivalent); SE360 —depreciation in 2010 EUR;
SE281 —total specific cost in 2010 EUR (feed and other specific costs); SE100—number of pigs; aa—
constant; A-relation of inefficiency standard deviation to error term standard deviation; ou—
standard deviation of inefficiency —; 1—unknown parameter representing changes in inefficiency
over time.

Table A2. Technical efficiency, metafrontier and metatechnology ratio for the Battese and Coelli
(1992) model.

Poland

Variable Mean Std. Dev. Min Max
TEk 0.8667286 0.0695863 0.498089 0.9890444
TE 0.6984592 0.0815769 0.3409396 0.976455
MTR 0.8047174 0.0539112 0.4613263 1.000029

Hungary

Variable Mean Std. Dev. Min Max

TE¥ 0.7752064 0.1170218 0.2008715 0.9769511

TE 0.6887722 0.1130488 0.1898391 0.9439793
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MTR 0.8878664 0.0472264 0.7812953 1.000004
Mann-Whitney Test p-values
TE* TE MTR
0.0000 0.2333 0.0000

Legend: TE* —technical efficiency to the country frontier; TE - technical efficiency to the meta-
frontier; MTR —metatechnology ratio.
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